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Topics

e Charge fluctuations

e Charge correlations

e (p,) fluctuations

* |, correlations

e Linearity and locality

» Correlations from fluctuations
 Fluctuation measure design
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| ntroduction

Many fluctuation measures can be constructed
from abasic set of random variables

How are they related?

Isthere a‘best’ set of measures? = mensagenraicaly
equivalent for all n

How can results be interpreted? = meansapproximation,

which may be very

.. bad for small n
M easure criteria;

1) simplereference form for central limit (CLT) conditions
2) Independent of sample number for CLT conditions

3) ‘good behavior’ for small sample numbers

4) simplelinear relation to two-particle correlations
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Charge Fluctuations Basics

SCLT
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Number Variancesand the CLT

normalized variance: per particle  R=m, /N (1+0 /2n +- )

problemsfor small Ny,

CLT reference:
central [imit theorem: independent samples from fixed parent

2 |= 2 | = 2 2 o = —
o, 1INy -1 05/n, - 1L og=05 - lUn +l/n.=sv,_g,
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Differential Fluctuation Measures

Pearson’ s corr. coefficient

CLT

2ed ch this plot varies with bin size ox:
normati 2 Charge scale dependence ~ correlations
covariance
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CLT this measure rotates the
this axis may Q O (n,,n_) space by 45° —
have zero extent nothing further is gained
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Report Card — Number n Fluctuations

Measure criteria
1) simplereference form for central limit (CLT) conditions

2) 1ndependent of sample number nfor CLT conditions
3) ‘good behavior’ for small sample number

4) simplelinear relation to two-particle correlations

measure | Smpleref. | CLTform | good for | smplerel.
CLT form |indep.of n| smaln | totwo-pt.

A0? yes yes yes yes
A% yes yes yes yes
v(Q) yes yes yes yes
V- ayn yes no ? no
@ no - yes no

D no no no o
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Jeff Mitchell summary
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( p; ) Fluctuations Basics

P, (0X), n(oXx), basic random variablesin bins of size (scale) ox
p,-np, R-(p)=p/n difference ratio; p,=p,/N

ﬁt(ﬂ—ﬁ) P~ nﬁt I’jt(n_ﬁ)
AN data shear
0 transform 0
~CLT
} f . )
Opt_l—ot Opt_npt

PP =R _nlljt + ﬁt(n_ﬁ)

problem: what isvarianceon p, —n p, relativeto CLT
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p, Varlances and the CLT

decomposition of p, variance

CLT reference: |
Independent samples from fixed parent p, spectrum

(p.—np)* - No;, pi(n-N)* - AR
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Differential Fluctuation Measures

Ac;.., ®, <5pﬁ5pﬂ>

p:n?

/Z = \/<5pti5ptj>/ o

k!

Fo = Olpyaeta ! Tppymin ~1

data mix

p,:N-n covariance / 0p-np

_ this plot varies with bin size &:

scale dependence ~ correlations
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What' s Behind the ( p,) Fluctuations?

pt(n_n) AU-AU
O 1
CLT—
N

varies with
bin size JX

oo

o o
Oo

Np/ \/gr %(GeV/c)Z

®, | o 2 | | - AP/\/Ekbch(pt _ta,)ab;ptﬁ_ nf)t)cd
fluctuation scale (bin size) dependence 7ePN e T
Integrates these two-particle correlations
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Report Card — ( p, ) Fluctuations

Measure criteria
1) simplereference form for central limit (CLT) conditions

2) 1ndependent of sample number nfor CLT conditions
3) ‘good behavior’ for small sample number

4) simplelinear relation to two-particle correlations

smpleref. | CLT form | goodfor | smplerel.
measure :
CLT form | indep.of n| smaln | totwo-pt.
Ao%y., yes yes yes yes
Py yes yes yes no
Fo no no no no
( Op,-0p; ) no no no no
2 no no no no

Tranor
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Linearity and Locality

composite system:

a b

ntOt = na t nb n nb

a

2

T

+2/nn /n W/ nn

— = 2 7 —
+n,/n, Loy, /N,

ot/ Eﬁa/r_]tot Ijj-azt/ﬁa

2 — —
o, [\nn,
normalized covariance
represents a-b correlation

e Linearity: invariance
under superposition of
uncorrelated elements
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X,

multiple events b

a

b x

two-particle space

| _\2 _\2 ol b a
\/(n_n)a[qn_n)b binsa and b *
single-particle space
B (n=m) (n-n ;
a/ = N
_\2 z
(n - n) 2 I'!
raa - — = Un/ ‘
n project [
uniform local treatment of o2
variances and covariances 3 -
g
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e Locality: each pair of bins
treated equivalently, based
on Pearson’ s coefficient
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Correations from Fluctuations

JEP 2D scale

event number N

10’
F data

102§

(97,09 = (Bn,09)
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statistical

! 7 reference CLT
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< pt> fluctuation excess scale dependence | inversion autocorrelation
kernel K.« / A

Aaf,t:n(mgn,ngqﬂ) :4Zm: (1— k—l/2j(1_ | _1/2j LA (keﬂ,ls(;)

m n ) JAs
/]

Ol op
Ao2 (07,08) =4[ dn, [ dg,K (7,0:0s.8,) L= (1, .6,)

ref

L 32

fluctuations < Integral equation < correlations
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------- W Fluctuation Measure Design

v penpheraj Au-Au algebra of random variablesvs
algebra of ordinary variables

n =10 at full acceptance!

e Bias(sys. error) at small n
» Efficiencies, acceptances
e Superposition and linearity
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Summary

Basic random variablesaren,, n_, p; (P, Pi-)
Physics lies on sum and difference variables
Normalized variances - per-particle
Statistical reference: central limit theorem
Linearity and locality — optimum measures
Scale dependence: fluctuations «~ correlations
Algebra of random variablesis not ssimple
Small multiplicities challenge measure design
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